Study selection
The titles and abstracts of all reports identified through the electronic searches were read independently by the review authors. For studies appearing to meet the inclusion criteria, or for which the data in the title and abstract were insufficient to make a clear decision, the full report was obtained. Disagreements were resolved by discussion between the authors. The clinical and radiological aspects, as well as the histological description of the lesions reported in the publications, were thoroughly assessed by one of the authors (R.S.G.) in order to confirm the diagnosis of MNTI.
Data extraction
The review authors independently extracted data using a specially designed data extraction form. Any disagreements were resolved by discussion. For each of the studies identified and included, the following data were then extracted, when available: year of publication, number of patients, patient sex and age (in months), duration of the lesion prior to treatment, location of the lesion (maxilla or mandible; locations were indicated as predominantly on the right or left side, or in the anterior region of the jaws), lesion size, perforation of the cortical bone, locularity appearance on radiological examination (unilocular/multilocular), presence of radiopacities on radiological examination, association of the lesion with a tooth (the tooth could either be erupted with the entire root(s) encompassed by the lesion or unerupted encompassing the entire tooth), tooth displacement due to lesion growth, expansion of the osseous region adjacent to the tumour, presence of clinical symptoms, whether the lesion was benign or malignant, whether there was a single lesion or multiple lesions, whether the lesion was present or not at birth, presence of elevated levels of urinary VMA or serum alpha-fetoprotein (AFP), percentage of Ki-67, details of the treatment performed (curettage, enucleation, partial resection, resection with continuity, other), recurrence, recurrence period, metastasis, death, and the follow-up period. The lesion size was determined according to the largest diameter reported in the publications. Authors were contacted for possible missing data.
Analyses
A descriptive analysis was performed based on mean, standard deviation (SD), and percentage values. The Kolmogorov-Smirnov test was used to test the normality of the distribution of variables, and Levene's test was used to evaluate homoscedasticity. The Student t-test or Mann-Whitney test was performed to compare two independent groups, depending on the normality of the data. The Pearson χ 2 test or Fisher's exact test was used for categorical variables, depending on the expected count of events in a 2 × 2 contingency table. Whenever possible, the probability of recurrence was calculated using the odds ratio (OR) and 95% confidence interval (95% CI). The association between Ki-67 and several factors was tested using Pearson correlation. The level of statistical significance was set at P < 0.05. All data were analyzed using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
Results

Literature search
The study selection process is summarized in Fig. 1 . The search strategy in the databases resulted in 2703 papers. The search in Google Scholar resulted in 12 eligible papers not found in the five main databases. There were 644 duplicate articles that were cited in more than one database. The reviewers independently screened the abstracts for those articles related to the aim of the review. Of the resulting 2071 studies, 1754 were excluded for not being related to the topic or not presenting clinical cases. An additional hand-search of relevant journals and of the reference lists of selected studies yielded three additional papers. Assessment of the full texts of the remaining 320 articles led to the exclusion of 32 because they did not meet the inclusion criteria. The excluded studies did not have sufficient clinical, radiological, and histological information to confirm the diagnosis of MNTI. Thus, a total of 288 publications were included in the review (see Supplementary Material, Appendix).
Description of the studies and analyses
A total of 288 publications reporting 429 cases of MNTI were included in this review. Table 1 presents the demographic and clinical features of all cases. The lesion was slightly more prevalent in males than females, with a ratio of 1.28:1. The mean age of the patients was 5.4 ± 10.7 months (range 0-144 months). Fig.ure 2 shows the distribution of the lesions according to age. The highest prevalence was seen in those between the ages of 3 months and 6 months. Twenty-eight lesions (9.7%) had been noticed at birth. The lesions were more prevalent in the maxilla than in the mandible (Fig. 3 ), and three lesions were reported in the cheek. alt-text: Fig. 1 Male 5.9 ± 13.3 (0-144) (n = 220) alt-text: Fig. 3 Measurements of the levels of urinary VMA were reported for 69 cases, and elevated levels were seen in 24 (34.8%). Measurements of the levels of serum AFP were reported for only five cases, with elevated levels reported for four of them. There was information about the percentage of Ki-67 in 36 cases; the mean percentage was 16.6 ± 17.1% (range 0-65%). In general, the lesions were unilocular, asymptomatic, with cortical bone perforation, and tooth displacement. There was no statistical correlation between Ki-67 and several factors (recurrence, cortical bone perforation, age, lesion size, duration of the lesion, or VMA) and no statistically significant difference in mean percentage Ki-67 values between lesions that recurred and lesions that did not recur. Several lesions were reported to have shown a rapid increase in size between the incisional biopsy, initial consultation, or hospitalization and the excisional surgery. The mean lesion size was 3.3 ± 1.9 cm (range 0.4-18.0 cm; n = 288).
Concerning the presence of a biphasic cell population, the vast majority of the cases had both components, but it was not possible to assess their proportions because of the limitations of a retrospective study. In some cases, the authors reported that there were two components, but the histopathological images did not show that. In other cases, the authors reported that the lesions did not present both components, but the histopathological images indicated otherwise.
Nine lesions were malignant, with metastasis in five cases. The four cases without metastases were diagnosed as malignant MNTIs due to the high number of mitoses.
Nine patients died, including four malignant cases (three with metastases). The cause of death was unknown in two patients. One patient died of cardiac arrest and another died on the sixth postoperative day, probably due to post-surgery complications. In the other patient, the tumour presented a rapid increase in size after biopsy, and this tumour continued to grow to monstrous dimensions; it was considered that operative surgery could not be performed in this case. The patient died 1 month after the biopsy.
Most of the lesions were treated by enucleation (67.2%), followed by marginal (18.4%) and segmental resection (6.1%). Teeth involved in the lesion were preserved in only 0.8% of the cases treated by enucleation. Eighty-one of 356 lesions (22.8%) recurred, with a mean time to recurrence after treatment of 3.5 ± 5.2 months (range 0.3-24 months). Table 2 shows the recurrence rate according to the treatment performed. With the exception of debulking, which was performed in only one case, curettage was the treatment with the highest rate of recurrence (8/13, 61.5%). Enucleation with complementary treatment (curettage or peripheral osteotomy) showed lower recurrence rates when compared to enucleation alone, although the difference was not statistically significant. Marginal and segmental resection showed the lowest recurrence rates among the surgical therapies. The duration of follow-up was reported for 341 lesions, with a mean of 49.8 ± 65.1 months (range 0.5-408 months). Table 3 shows the recurrence rate according to certain variables. Enucleation and resection presented significantly lower recurrence rates in comparison to curettage. Moreover, recurrence rates appeared to decrease significantly with increasing patient age and with increasing size of the lesion. However, in relation to this, older patients and larger lesions were more often submitted to more radical surgery (Table 4) . Table 3 Recurrence rate for melanotic neuroectodermal tumours of infancy in the jaws according to different factors a .
alt-text: f In at least one case, the value of the weight variable was zero. Such cases are invisible to statistical procedures and graphs, which need positively weighted cases. 
Discussion
The aim of this study was to integrate the available published data on MNTI into an updated comprehensive comparative analysis of their clinical and radiological features, as well as the frequency of recurrence. A review of pathological lesions is important because it provides information that can improve diagnostic accuracy, allowing pathologists and surgeons to make informed decisions and refine treatment plans to optimize clinical outcomes [6] [7] [8] [9] [10] . This review revealed that MNTIs were slightly more prevalent in males and were markedly more prevalent in the maxilla, and most of the lesions were asymptomatic, presenting cortical bone perforation and tooth displacement. The fact that about 10% of the lesions were observed at birth supports the hypothesis of an embryonic origin of the tumour.
Some authors have suggested additional examinations to help in the diagnosis or to assist in the determination of the most suitable therapy for each case. High levels of urinary excretion of VMA and serum AFP are characteristic of this tumour. A return of urinary VMA levels to normal after surgery was observed in some of the studies (e.g., the cases reported by Johnson et al. 11 and Howell and Cohen 12 , among others). In some cases, this examination was found to be useful to monitor the patient when the level was high at the initial examination. However, it was found that in most patients, the presurgical values were normal. Although this test is indicated as a complement to the diagnosis, only a third of the patients showed high levels of urinary excretion of VMA. Unfortunately, serum AFP levels were reported for only five patients, making it impossible to draw reliable conclusions.
No association between Ki-67 and clinical or radiographic parameters could be identified, and the mean percentage Ki-67 values did not differ between recurrent and non-recurrent lesions. At present, no reliable histological or immunophenotypical markers predict clinical aggressiveness or the need for complete excision 13 . Moreover, although some recurrent tumours are aneuploid, recurrent diploid tumours have also been reported 14 . Therefore, ploidy analysis is not a good predictor for tumour recurrence.
Concerning the treatment of MNTIs, some authors have suggested that wide surgical margins may not be necessary because tumour islets may regress spontaneously after incomplete excision. Numerous clinicians have advocated allowing residual portions of the tumour to remain when radical excision would be mutilating [15] [16] [17] [18] . Shafer and Frissell reported that at the time of the operation it was impossible to tell whether the tumour had been completely excised, and their case was followed up for 66 months with no recurrence 19 . Van Middlesworth et al. stated that at the completion of the surgical excision, it was evident that there was some inaccessible tumour remaining, and still no recurrence was observed at 1 year postoperative 20 . Judd et al. did not remove the whole lesion in two enucleations in order to avoid mutilation of other structures, and no recurrence was observed after 30 months 17 . On the other hand, other authors have suggested tumour resection with wide surgical excision of at least 5 mm 21,22 , stating that recurrence was due to incomplete removal of the lesion 22 . In addition to incomplete excision, recurrence could also be a consequence of dissemination during surgery or multicentric tumours, factors that have been suggested in some case reports 23,24 .
Despite the small number of cases treated by curettage, the present review observed that this was not the most adequate form of treatment. Marginal resection and segmental resection were found to be associated with lower recurrence rates. Although resection results in higher morbidity, the vast majority (99.2%) of the cases treated by enucleation resulted in concomitant removal of the involved teeth. As both marginal and segmental resection are related to higher morbidity, enucleation with or without complementary treatment (curettage or peripheral osteotomy) would appear to be the most indicated therapy. There is an interesting point to make concerning metastases. In the case reported by Navas Palacios, there were many metastatic foci in several submaxillary and parotid lymph nodes 28 . The cytological appearance of the metastases was that of the solid areas of the tumour, which closely resembled neuroblastoma. It was suggested that the malignant behaviour of this case was probably due to the neuroblastoma-like transformation of the neuroblastic component of the tumour. Similar changes were observed by Dehner et al. 29 . The metastases showed exclusively solid areas containing neuroblast cells 14 .
Previous reviews have found a correlation between patient age ≤4.5 months and a significantly higher recurrence rate 30, 31 . The results of the present study appeared to show a decrease in recurrence rate with increasing patient age and with increasing size of the lesion. However, older patients and larger lesions were more often submitted to more radical surgery, and more radical surgery was found to be associated with a lower recurrence rate.
The results of this study should be interpreted with caution because of its limitations. First, all included studies were retrospective reports, which inherently result in errors, with incomplete records. Second, many of the published cases had a short follow-up, which could have led to an underestimation of the actual recurrence rate. However, it is difficult to define what would be considered a short follow-up period for the evaluation of recurrence in such lesions. Third, many of the cases described were published as isolated case reports or small case-series.
To conclude, curettage appears not to be the best form of treatment, due to its high recurrence rate. As resection (either marginal or segmental) is associated with higher morbidity, enucleation with or without complementary treatment (curettage or peripheral osteotomy) would appear to be the most indicated therapy.
